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The article describes the electron beam scanning system in combination with electromagnetic focusing system.
These systems find their application in different vacuum tube devices that provide the generation of X-ray radiation.
Similar systems can be utilized in such fields as medicine, industry and defectoscopy. Electron tube system can be
based on thermal or field emission cathodes. Scanning system is built up on two pair of electrical deflecting dipoles.
The scanning can also be based on magnetic deflecting system. Beam focusing is achieved by the geometrical fea-
tures of electrodes structure and electron lenses. Magnetic focusing can also be used for transversal focusing of the
beam. The article describes the schemes of the unit with electron beam scanning and different methods of realiza-
tion. Beam dynamics investigation in electromagnetic fields of the unit is considered.

PACS: 41.85.-p, 41.75.-i, 07.77.Ka

INTRODUCTION

Electron guns are widely used in different applica-
tions fields nowadays. One of them is vacuum tube de-
vices that incorporate diode or triode system for X-ray
generation better known as X-ray tubes. X-ray tubes are
used in a lot of applications such as defectoscopy, in-
dustry, medical, veterinary, crystallography and many
others. In most of the tubes stationary electron beams
with pretty large focal spot sizes are used. This allows
using the simplified conventional unit geometry.

Despite this fact for some applications smaller spot
sizes are required to acquire high spatial resolution of
the emitted X-ray radiation in order to provide the high
resolution images [1]. This requirement can be satisfied
by applying additional focusing electrode to the X-ray
tube scheme.

Another idea lies in the possibility to perform elec-
tron beam scanning along the anode surface. This solu-
tion can be exploited to enhance the anode loading rate
and let the anode to hold higher beam powers. This cor-
respondingly will enhance the X-ray radiation intensity.

These two ideas can be accomplished by the X-ray tube
design that is schematically represented in this paper.

1. X-RAY TUBE DESIGN

The X-ray tube design can be based on various types
of cathodes such as thermal sources (filaments, dis-
penser cathodes or lanthanum hexaboride cathodes) or
field emission cathodes (pin or CNT cathodes). The
difference between the designs of the X-ray tubes based
on such cathodes lies in the cathode electrode scheme
modification. All other components of the X-ray tube
are saved untouched.

For example in this paper the dispenser cathode X-
ray tube was considered to overview the generic
scheme. The X-ray tube design is presented on the
Fig. 1. On the figure: 1 — dispenser cathode; 2 — cathode
cup (Wehnelt electrode); 3 — focusing electrode; 4 —
anode; 5 — deflecting electrodes; 6 — dielectric spacers
and holders.

Cathode is formed on the round dispenser cathode
with the spherical cut-off for forming of the initial beam
convergence. The Wehnelt electrode is made on the
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cylindrical design with the chamfering of the inner
edge. Focusing electrode is designed with the overhang-
ing part towards the cathode area that is very similar to
the anode in Pierce type gun conventional design [2].
The difference consists in the fact that the focusing elec-
trode is made with constant width all over the geometry
and beam have no need to travel through the metal
channel with the lack of focusing E field. The chamfer
of the focusing electrode edge close to cathode is made
to eliminate the collision of the electron beam particles
that travel from the side farts of the cathode.

Two pairs of deflecting electrodes are placed after
the focusing electrode to provide the electron beam
scanning along the anode surface. Scanning motion can
be also provided by the magnets placed in much the
same way as electrodes but in current consideration only
electrical deflecting system is considered due to low
dimensions of such system. The electrodes are fixed on
the dielectric chucks for high electrical isolation from
each other and other adjacent metal elements. Each pair
provides transverse deflection of the beam along one of
the axes.

Fig. 1. Generalized X-ray tube design

The chamfer widths and angles of the focusing elec-
trode and Wehnelt electrode are the main geometrical
parameters that allow optimization of the electron beam
focal plane and size. The electrical potentials of the
Wehnelt electrode and the focusing electrode are the
two electrical parameters varying the electron beam
focal spot parameters.
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2. MODELING

First step of the modeling was to acquire the maxi-
mum stationary beam focusing in the predefined sizes of
the X-ray tube geometry. The desired electron beam
energy was taken 150 keV, maximal of the working
parameter values used in the applications listed above.
The cathode radius is 5 mm that allows acquisition of
the emitting currents up to ampere level [3]. Cathode-
anode distance is 30 mm that allows the unit to operate
without discharge threat. The potential set on the scan-
ning electrodes must be equal to the potential of the free
space in their location position that is approximately
equal to the mean value of potential between the focus-
ing electrode and the anode. More precisely it is defined
from the potential plot of the calculated model.

The model was calculated for several values of the
beam emitted current (from 10 mA to 1 A) to estimate
the possibility of beam focusing. The results are depict-
ed on the Fig. 2. The potential distribution and beam
trajectories in the model with optimized geometrical
dimensions and parameters are presented on the Fig. 3.
Beam size can be reduced from 5 up to 15 times relative
to cathode beam spot size.
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Fig. 2. Beam focal spot size vs. current value

Fig. 3. Potential distribution and electron beam trajec-
tories in the unit model without deflection

The next step was to achieve the beam scanning with
the deflecting plates. Additional deflecting potential was
added to and subtracted from the reference voltage on
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the opposing electrodes of the pair. The reference poten-
tial on the scanning plates was set to 10 kV. The values
of the beam deflection relative to the axis and deflection
from the axis relative to the deviation of the electrons
transversal distribution in the beam vs. the deflecting
voltage are depicted on the Fig. 4. This case was con-
sidered with 400 mA beam current that corresponds to
approximately 0.5 mm focal beam spot size.

The focal spot size of the beam is slightly increased
while deflecting it along the axis because of the en-
hanced path that beam travels until it crashes the anode.
Yet the beam size is reduced along the deflection axis
that can be seen on the beam profile picture and phase
space views shown on the Figs. 5-7. According to this
along with beam deflection the focusing potential must
also be tuned to obtain the beam focal plane right on the
anode surface otherwise the beam will grow in the di-
rection oppose to the deflection plane.

The results show that electron beam can be scanned
by electrostatic system with medium-range values of
deflecting potential set to the electrodes over the surface
on anode exceeding the beam focal spot surface approx-
imately 300 times that will give possibilities to reduce
the X-ray tube anode loading with the electron beam
and increase the possible X-ray power levels.
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Fig. 4. Beam deflection vs. the deflecting voltage

Fig. 5. Potential distribution and electron beam
trajectories in the unit model with deflection
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i . : ; X-ray tube design for acquiring high values of beam
o b : focusing was schematically modeled and calculated.

' : Results shows that electron beam size can be reduced up
to 15 times relative to cathode dimensions and electron
: : scanning can cover the anode surface 300 times larger
bom it | than the focal spot size. These results can be imple-
""" 5 : e : mented in X-ray tubes that require high focusing or

i e surface.
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BO3MOXHOCTH BBICOKOYACTOTHOI'O CKAHUPOBAHUSA DJIEKTPOHHOI'O ITYYKA
C CUCTEMOM ®OKYCHPOBKH JIJIsI TEHEPAIIUA PEHTTEHOBCKOT'O U3JIYUEHUS

T.B. bonoapenko

OmnuceIBacTCs cCUCTEMa CKaHUPOBAHUS 3JICKTPOHHOI'O ITy4YKa B KOM6I/IHaHI/II/I C CHCTEMOU 3J'I6K’I‘p0Mal“HPITHOI71 (I)O-
KYCHUPOBKH. Taxkas cucrema HaXOAUT MPUMCHCHHUC B PA3JIMYHBIX 3JICKTPOBAKYYMHBIX HpI/I60an, OCYHICCTBJIAIOIIHNX
TCHCpalul0 PCHTTCHOBCKOI'O U3JTYUCHUS. HO,HO6HBI€ HpI/I60pI>I MOryT OBITH MCIIOJIB30BAHEI B TAKUX O6J'IaCT$IX, KakKk
MCIWIIMHA, UHAYCTPpUS U He(beKTOCKOHI/IH. QHGKT‘pOBaKyyMHaH crcTeMa MOXKET ObITh OCHOBAHA Ha TSPMO- WJIN aB-
TOOMHUCCHOHHOM KaTo/Jc€. Cucrema CKaHUPOBAHUA BBIIOJIHACTCA HAa OCHOBE ABYX Hap 3JICKTPUYICCKUX OTKIIOHAKOIINX
,anoneﬁ. Taxoke CKaHUPOBAHUC MOXKCET OBITE OCYHICCTBJICHO 3a CUCT MarHUTHOM CHCTEMEI. (DOKYCI/IPOBKa Imy4dKka
BBITIOJIHACTCA 3a CUCT TCOMETPUICCKUX 0COOEHHOCTEMH CTPOCHMUS BJICKTPOJAOB U 3JICKTPOHHBIX JIMH3 U HA MAarHUTHOK
CUCTEMC (bOKYCI/IpOBKI/I JJIA obecreueHus MONepeYHOro CKatus Imydka a0 Cy6MI/IJ'IJ'II/IM€Tp0BI)IX PasMepoB. HpI/IBO-
JATCA CXEMbI YCTAHOBKH CO CKAHUPOBAHUCM DJICKTPOHHOI'O ITy4YKa W PA3JIMYHBIC METO/JbI UX PCAJIU3allUuU. Paccmar-
PUBACTCA JUHAMUKA ITydKa 3JICKTPOHOB B 3JICKTPOMATHUTHBIX IMOJIAX CUCTEMBI.

MOKJ/IMBOCTI BUCOKOYACTOTHOI'O CKAHYBAHHSA EJIEKTPOHHOI'O ITYYKA
3 CUCTEMOIO ®OKYCYBAHHSI JUISI TEHEPAIIIl PEHTTEHIBCbKOI'O BUITPOMIHIOBAHHS

T.B. bonoapenko

OnwucyeTbest cucTeMa CKaHyBaHHS €JIEKTPOHHOTO ITyYka B KOMOiHamii 3 CHCTEMOIO eTeKTPOMAarHiTHOro (hOKycCy-
BaHHA. Taka cucTeMa 3HaXOJHUTh 3aCTOCYBAHHS B PI3HUX €IEKTPOBAKYYMHHUX MPUIIAAAX, IO 31HCHIOIOTH TeHEpallio
peHTreHiBcbKoro BunpoMintoBanHs. [1omiOHI mprmaam MOXyTb OyTH BUKOPHCTaHI B TAKUX 00JIACTAX, SIK MEIHUIIMHA,
iHxycTpis 1 nedekrockomis. EnexrpoBakyymMHa cucreMa Mo)ke OyTH 3acHOBaHa Ha TepMO- abo aBTOeMiciHHOMY Ka-
tofi. CucreMa cKaHyBaHHSI BUKOHYETHCS HA OCHOBI JIBOX Tap €JEKTPUYHHX AWIONIB, IO BiIXMIISIOTh. TakoX cKa-
HyBaHHS MOXke OyTH 37iiiCHEHE 32 paXyHOK MarHiTHOi cucreMu. QoKycyBaHHs Iy4Ka BUKOHYETBCS 38 PaXyHOK Te-
OMETPHYHHX OCOOJIMBOCTEN OY/IOBH €JIEKTPO/IB 1 €MIEKTPOHHUX JIiH3 1 HAa MarHiTHIHM cucteMi (oKycyBaHHS IS 3a-
Oe3IeyeH s ONepeYHOro CTUCKHEHHS ITy4Ka 10 CyOMITIMETPOBUX po3MipiB. HaBOJSTECS cXeMHU yCTaHOBKY i3 cKa-
HYBaHHSIM €JIEKTPOHHOT'O IydKa i pi3HI METOH iX peanizamii. Po3rismaeTscst fMHaMiKa IMydka eIEeKTPOHIB B €JIeKT-
POMAarHITHUX TOJISIX CHCTEMHU.
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